Introduction
============

Cardiovascular diseases are the main cause of premature deaths and disabilities, a source of rising health care costs, mainly in developed countries and increasingly common problem in developing countries. The deaths caused by cardiovascular diseases in Europe make up 48% of all deaths (males 38% and females 54%).[@b1-tcrm-12-1223] In Poland, deaths caused by complications of cardiovascular diseases are similar to the levels in Europe: 41% in males and 52% in females.

According to "Policy paper for health care 2014--2020"[@b2-tcrm-12-1223] comparing the volume of deaths caused by leading most important causes of death in Poland and the European Union, we can see that in terms of life-threatening cardiovascular diseases caused by Polish society are in a worse situation than societies in other European Union countries.

However, it should be noted that since 1991, in Poland, we can observe a decrease in mortality rate caused by complications of cardiovascular diseases, including reduction of mortality rate caused by coronary heart disease. In 2014, the decrease was 42%. These advantageous changes are related in 54% to a decrease of risk factors and in 37% to better medical treatment. The remaining 9% of decrease in mortality could not be explained.

The decrease in cholesterol was related to 39% lowering of mortality and the decrease in smoking and improvement of physical activity, respectively, to 11% and 10% decrease in mortality. However, in this period, obesity and diabetes increased, which in turn was associated with mortality increases by 2% and 3%, respectively.[@b1-tcrm-12-1223],[@b2-tcrm-12-1223] According to data from the Central Statistical Office, cardiovascular diseases were major cause of all deaths in Poland in 2014.[@b3-tcrm-12-1223]

According to the European Guidelines on cardiovascular disease prevention in clinical practice, risk factors are divided into individual factors, physiological and biochemical factors, and lifestyle ([Table 1](#t1-tcrm-12-1223){ref-type="table"}).[@b4-tcrm-12-1223]

Monitoring of certain factors, biochemical and physiological ones, is important in the prevention of diseases of the cardiovascular system. However, the list of biochemical and physiological factors (besides markers of chronic inflammation and level of triglycerides) should, in the author's opinion, include monitoring of heart beat electrical signal (electrocardiogram \[ECG\]), which should be carried out not only in case of danger to life but also in the case of the wider system of prevention of cardiovascular diseases or heart diseases.

Biochemical and physiological risk factors
==========================================

Hypertension
------------

Hypertension (abnormally high blood pressure) is a risk factor when it comes to cardiovascular disorder both for hemodynamic reasons (hemorrhagic stroke and aortic dissection) and because of the acceleration of atherosclerosis.[@b5-tcrm-12-1223] In 2000, 972 million adults worldwide suffered from hypertension, including 639 million in the industrialized countries.[@b6-tcrm-12-1223] In 2005, hypertension was diagnosed in 1.5 billion people.[@b7-tcrm-12-1223] The presence of hypertension in Polish society is high. The comparative study of the prevalence of blood pressure and awareness of respondents about the disease, control, and treatment of hypertension conducted by Rywik et al,[@b8-tcrm-12-1223] showed that the average blood pressure values were 15% higher in the Polish population than in the US population, while optimal blood pressure was found in \~2% of respondents in Poland and 55% of those in the US.

Overweight body mass and obesity
--------------------------------

In the National Health and Nutrition Examination Survey III study conducted in the US, it was demonstrated that 68% of the population has an abnormal body mass: 34.2% of overweight people and 33.8% of obese people.[@b9-tcrm-12-1223] The incidence of obesity in Europe was rated at 25% for males and 30% for females.[@b10-tcrm-12-1223] In the study representative for the Polish population (WOBASZ), the prevalence of excess weight was observed in 61.6% of males and 50.3% of females.[@b11-tcrm-12-1223] Worrying contributes to the increasing percentage of people with abnormal body weight. In the last 17 years, average body mass increased by 3.3 kg in males and by 5 kg in females.[@b11-tcrm-12-1223] The Polish arm of the WHO MONICA Project also observed a progressive, year-after-year, increase in body weight in Polish society, which ranges from 0.3 to 0.7 kg/year.[@b12-tcrm-12-1223]

Dyslipidemia
------------

Lipid disorders are modifiable risk factors of cardiovascular diseases. According to the current guidelines, the level of cholesterol for general population is \<190 mg/dL (5 mmol/L), the level of low-density lipoprotein cholesterol fraction is \<115 mg/dL (3 mmol/L), the level of high-density lipoprotein cholesterol fraction is \>40 mg/dL (1.0 mmol/L) in males and 45 mg/dL (1.2 mmol/L) in females, and the level of triglyceride is \<150 mg/dL (1.7 mmol/L).

The incidence of elevated level of cholesterol in both males and females in NATPOL PLUS amounted to 59.5% and 62%, respectively.[@b13-tcrm-12-1223] WOBASZ study also confirmed the presence of higher concentrations of cholesterol in males (67%) and females (64%). Similarly, increased value was found in WOBASZ Senior study -- 43% in males and 62% in females.

Diabetes
--------

Diabetes is a group of metabolic diseases characterized by elevated levels of glucose in the blood resulting from a defect in insulin secretion or action.[@b14-tcrm-12-1223] In the European population, taking into account the age and unknown diabetes, the incidence of diabetes iŝ30%--40%.[@b15-tcrm-12-1223] In WOBASZ study, diabetes or glycation (126 mg/dL) was observed in \~7% of males and 6% of females aged between 20 and 74 years and in 16% of males and 20% of females aged between 65 and 74 years.[@b11-tcrm-12-1223] Diabetes is usually associated with atherogenic dyslipidemia. Elevated concentration of glucose in blood enhances glycation mainly of low-density lipoprotein cholesterol, particle which becomes more susceptible to oxidation, is cytotoxic to the endothelium, and promotes the adhesion of blood platelets,[@b16-tcrm-12-1223] which in turn promotes the development of cardiovascular diseases.

Procoagulant factors
--------------------

Fibrinogen is an acute phase protein and is one of the main elements of coagulation. Its increased concentration is related to a significantly higher severity of atherosclerosis and a higher risk of heart diseases. An increase of 1 g/L concentration of fibrinogen increases the risk of cardiovascular events twice. The factors of coagulation and fibrinolysis are as follows: clotting factors VII, von Willebranda factors, plasminogen activator inhibitor type 1, and also tissue-type plasminogen activator.[@b17-tcrm-12-1223]

Markers of inflammation
-----------------------

The parameters evaluating the intensity of the inflammatory process are increased leukocyte concentration in serum C-reactive protein (CRP), fibrinogen, and interleukin-1, -6, and -8.[@b18-tcrm-12-1223] To study the intensity of the inflammatory process, we most commonly evaluate the CRP, as its presence can be marked in the blood of a person who had already eaten during a day. In addition, CRP is characterized by a relatively constant concentration throughout the day and not inactivated at low temperatures.[@b19-tcrm-12-1223] A meta-analysis of long-lasting observation of patients with acute coronary syndrome (ACS) showed that the concentration of CRP has a significant impact on the further course of coronary heart disease.[@b20-tcrm-12-1223]

Prevention of sudden death: European and Polish trends
======================================================

According to the authors, in addition to the factors described earlier, an essential element in the prevention of heart disease in Polish society and European population is the organization of medical care. Regular ECG, dedicated to all employees as part of periodic tests, can effectively prevent sudden death due to untreated and never-before detected cardiovascular disease. Our previous study has shown that cardiac patients without prior diagnosis of diseases of the cardiovascular system hesitate to call medical help even if they experience symptoms.[@b21-tcrm-12-1223]

Factors, such as female sex, low education level, socioeconomic status, age, and place of living, are associated with delays in seeking medical treatment.[@b21-tcrm-12-1223]--[@b24-tcrm-12-1223] In addition, our previous study showed that ECG signal was performed but not transmitted to the reference center and transport took place in two stages. Intervals for the analyzed group of patients were statistically significant (*P*\<0.0001).[@b21-tcrm-12-1223]

In 53% of the analyzed group of patients, it was found that the time that elapsed from admission to the start of coronary angioplasty in referral center was \>90 minutes. In addition, it should be noted that the weak point in the process of treating a patient with ACS proved to be patients who decided to call an ambulance 140 minutes (average time) after the onset of pain. Public education by mass media could increase public awareness of ACS and could reduce delay in presenting the ECG data to the reference center.[@b21-tcrm-12-1223] Thorough education of emergency staff on how important an ECG signal transmission is to the reference center in cases of heart failure may successfully prevent a sudden death.

Early ECG recordings in ACS are a key step to ensure a timely triage of patients who are candidates for an early invasive treatment. The trained paramedics can diagnose ST-segment elevation myocardial infarction (STEMI) correctly in patients without ECG confounding factors, while the presence of ECG confounding factors decreased their ability substantially. Consequently, since many patients were present with ECG confounding factors, transmission to an on-call cardiologist for an early correct diagnosis is needed. It decreases time necessary to start hospitalization and saves the patient's life. Prehospital ECGs can help to identify ST-segment elevation earlier and detect important transient abnormalities, information not otherwise available from the first emergency department ECG.[@b25-tcrm-12-1223],[@b26-tcrm-12-1223] These data can expedite diagnosis and clinical management decisions concerning patients suspected of having an acute cardiac event. We must also remember that in case of STEMI, patients transported even on short distances are in danger of developing arrhythmic complications. Early ECG recordings in ACS not only influence the time of transport to nearest hospital with the catheterization laboratory but also increase the effectiveness of treatment and improve patients' survival ratio. The prehospital ECG should be fully integrated into emergency practices.[@b25-tcrm-12-1223] Investigated whether ST-segment elevation on the initial ECG could provide prognostic information and thereby decision support for appropriate triage. Once the triage decision is settled, patients with STEMI must undergo ECG monitoring and receive antithrombotic therapy for optimal prehospital care.[@b26-tcrm-12-1223] Prehospital antithrombotic therapy must be effective in preparing the patient for percutaneous coronary intervention (PCI) without causing bleeding or less bleeding events.[@b26-tcrm-12-1223] It decreases potential complications for patients treated invasively. The benefits of transmitting prehospital ECG to a cardiologist's hand-held device are visible both for patients and health care. Triage and activation of the catheterization laboratory are done when needed. It decreases the costs of treatment, improves accessibility to the laboratory, and gives better results of treating patients with cardiac events. The optimal treatment strategy is dependent on the duration of ischemia.[@b25-tcrm-12-1223],[@b26-tcrm-12-1223] However, patients' information is often inaccurate.[@b25-tcrm-12-1223],[@b26-tcrm-12-1223] Accordingly, it would be advantageous if the first available ECG recording done by paramedics could help identify patients who would benefit in greater degree from acute reperfusion therapy versus patients with modest effects.[@b26-tcrm-12-1223] An interactive module used by paramedics (ECG recorder) for treating cardiology patients improved the ability of paramedics and emergency medical staff to correctly recognize the ECG and interpret the ECG's ST-segment elevation. The use of technology and ECG recordable device is necessary to help identify patients who immediately require lifesaving procedures. To conclude, general benefits of an early invasive strategy in patients with heart failure is lifesaving in life-threatening situations, which may successfully prevent sudden death. Successful management of ST-segment elevation ACS by early invasive therapy improves long-term survival and reduces late myocardial infarction (MI) and rehospitalization for unstable angina (UA). Stents enhance the safety of PCI by decreasing major adverse cardiac events, including MI and death.[@b27-tcrm-12-1223],[@b28-tcrm-12-1223] Also early invasive therapy decreases nonfatal MI by 17% and recurrent UA requiring rehospitalization by 31%.[@b28-tcrm-12-1223]

The American Heart Association Guidelines for Cardiopulmonary Resuscitation and Emergency Cardiovascular Care of 2010 suggest that postcardiac arrest hospital treatment has potential to reduce mortality caused by hemodynamic body instability.[@b21-tcrm-12-1223],[@b29-tcrm-12-1223]--[@b31-tcrm-12-1223] Hemodynamic optimization and multidisciplinary early goal-directed therapy have been introduced as part of a bundle of care to improve patient outcome and to ensure better organ perfusion and oxygenation of organs and give the positive results of treatment in case of cardiology patients.[@b21-tcrm-12-1223],[@b30-tcrm-12-1223],[@b32-tcrm-12-1223]

Primary prevention of coronary heart disease causes a much greater reduction in mortality in the general population than secondary prevention. Comparative studies of people with coronary heart disease and healthy individuals have shown that lowered systolic blood pressure, reduced blood cholesterol, and reduced incidence of smoking resulted in 79% reduction of mortality caused by ischemic heart disease in primary prevention and 21% reduction of mortality in secondary prevention. This is confirmed by a study conducted in the US between 1980 and 2012.[@b33-tcrm-12-1223] The importance of primary prevention has also been demonstrated in clinical-control INTERHEART study[@b34-tcrm-12-1223] conducted in 52 countries. The risk of a first heart attack is 90.4% and was associated with the following risk factors: smoking, diabetes, hypertension, psychosocial factors, obesity, a higher ratio ApoB/ApoA1, low intake of fruits and vegetables, lack of physical exercise, and excessive alcohol consumption. This relationship was observed regardless of sex, ethnological origin, or geographical region.[@b35-tcrm-12-1223] Primary prevention, because of its importance in society, was further examined and discussed in the literature. This fact is also confirmed by the number of studies conducted in different countries (WOBASZ and INTERHEART). However, by including primary prevention in the early and regularly exercised ECG (which has so far been overlooked), we can effectively reduce population mortality from diseases of the cardiovascular system. That is why it is worth paying attention to this element when considering the prevention of sudden death in heart failure.

Undoubtedly, prevention also consists of such therapeutic interventions and treatment of patients that reduce the incidence of complications (including death) and relapse, as well as inhibit the progression of pathological changes. Modification of risk factors is an essential strategy both in primary prevention and in secondary prevention. In secondary prevention of heart diseases, drug therapy plays an equally important role as the risk factor modification.[@b36-tcrm-12-1223] However, the problem of modification of risk factors, especially those involving the health care organizations, has not been sufficiently discussed yet, and a list of biochemical and physiological factors has not been optimally configured. This topic is worth exploring in depth, because in 2011, there were 89,000 of people hospitalized because of heart attack in Poland and 16,000 Polish citizens died. With a relatively low hospital mortality, the rate of distance (before and after stay at the hospital) mortality becomes alarming. For this reason, it is important to early and rapidly diagnose the patients using ECG at both the prevention stage and early diagnosis stage, which is connected with the detection ability of cardiovascular diseases.

Monitoring of ECG is a widely used and inexpensive diagnostic method to investigate various cardiac abnormalities. It is a first-line investigation in MI. In ECG, ST-segment changes and T-wave inversion criteria are mainly used for acute MI detection, but they have low sensitivity range from 10% to 50% as mentioned in different studies.[@b37-tcrm-12-1223],[@b38-tcrm-12-1223] Another drawback of this criterion is its transient nature, which means it is only present in ECG at the time of ischemic attack.[@b37-tcrm-12-1223],[@b38-tcrm-12-1223] Although prehospital diagnosis done by ECG transmitted to an expert for interpretation reduces the time till acute PCI in patients with STEMI. So finding the features that give information about MI or about risk of MI during emergency is quite useful for both patients and doctors. Reducing the time of reperfusion treatment for patients with STEMI can improve patient outcomes,[@b38-tcrm-12-1223] and also every delay in PCI increases long-lasting mortality.[@b39-tcrm-12-1223] The recording of prehospital 12-lead ECG in chest pain patients ensures reducing time to PCI[@b40-tcrm-12-1223] and is an established tool to a correct and timely treatment for patients in health care unit.[@b41-tcrm-12-1223] In order not to miss any STEMI cases, it is recommended that all ambulances transport patients with symptoms suggesting ACS to physician on call and coronary care unit.[@b38-tcrm-12-1223]--[@b41-tcrm-12-1223]

Electrocardiograms
------------------

An ECG is a noninvasive test that measures the electrical activity of the heart beat and also provides information about heart muscle damage, types and kinds of arrhythmias (abnormal heart rhythms), and signs of a heart attack and informs whether an internal cardioverter defibrillator or a pacemaker is working properly. ECGs and other vital sign monitoring are conducted continuously in critical care environments, such as the intensive care unit, coronary care unit and cardiac catheterization, and diagnostic stress testing labs. ECGs are also routinely performed in physician offices and other medical facilities.[@b38-tcrm-12-1223],[@b39-tcrm-12-1223]

The ECG may show evidence of a heart attack, allowing doctors to prepare for immediate treatment of patient's arrival to hospital. A crucial step in effective STEMI treatment is swift transmission of an ECG image from emergency medical staff on site with a patient directly to the hospital to be viewed by a doctor. Traditionally ECG images are sent through specialized systems. Some hospitals use cell phones to take photos of ECGs, which require large files to maintain clarity and can be slow and unreliable, particularly images taken by emergency medical personnel in signal-limited environments.[@b21-tcrm-12-1223],[@b38-tcrm-12-1223],[@b39-tcrm-12-1223],[@b41-tcrm-12-1223] A final ECG interpretation and triage decision by a physician is therefore clearly needed to avoid unnecessary catheterization laboratory activation. Early interpretation could also help in increasing the number of prehospital ECGs on record and increase the number of patients with STEMI identified in the ambulance. These facts reducing time to door-to-balloon.[@b42-tcrm-12-1223]

Initial diagnosis using the ECG signal transmission (diagnosis based on first transmission of ECG signal) coincides with the final diagnosis (the final diagnosis confirmed by a specialist -- a cardiologist) and needs a careful analysis of pain history and symptoms, suggesting that other causes of chest pain (such as aortic dissection), comorbidities, are usually important information for the final triage decision. Moreover, a high specificity in hospital triage decision is needed because coronary angiographies carry high risk of complications for patients. Apart from this, the results of our previous study indicate a very low number of ambulance personnel who transmit an ECG in analyzed group of 270 patients in Kujavian-Pomeranian region in Poland.[@b21-tcrm-12-1223] However, the presence of STEMI in our study was comparable with the estimated real prevalence in the prehospital setting. Our study and other researchers indicate that ambulance paramedics can interpret the ECG without fail,[@b21-tcrm-12-1223],[@b24-tcrm-12-1223] and transmits the ECG signals to a doctor, but this requires additional training for paramedics in ambulance[@b21-tcrm-12-1223],[@b24-tcrm-12-1223] and improving awareness about how the decision about sending the ECG signal or not influences the other steps of treatment and costs of patients' treatment.

According to the authors, the inclusion of an element such as ECG monitoring of biochemical and physiological factors is necessary, in order to effectively prevent premature death from heart disease. The necessity was confirmed by other reports, which show that there are \~10 million heart attacks worldwide per year[@b43-tcrm-12-1223] in the US. It is also estimated that 500,000 STEMI events represent one-third of all heart attacks per year.[@b44-tcrm-12-1223] Acute STEMI, UA, and non-ST-segment elevation MI (NSTEMI) are the three conditions classified as ACS.[@b43-tcrm-12-1223],[@b44-tcrm-12-1223] ACS is a major cause of emergency medical treatment and hospitalization in the US and also in other countries in Europe.[@b43-tcrm-12-1223],[@b44-tcrm-12-1223]

ECG findings related to UA include ST-segment depression, transient ST-segment elevation, T-wave inversion, and also some combination of these factors; depending on the severity of the clinical presentation, these findings are present in 30%--50% of patients.[@b22-tcrm-12-1223],[@b45-tcrm-12-1223] An ST-segment elevation of ≥0.1 mV, if present in at least two adjacent leads, indicates an acute MI in 90% of patients, as confirmed by serial measurements of cardiac biomarkers.[@b46-tcrm-12-1223] It is important to compare current and former findings on ECG because studies suggest that patients without ECG changes are at a lower risk of complications than those with ECG changes.[@b47-tcrm-12-1223] Because the process of myocardial ischemia is quite dynamic and a single 12-lead ECG provides only a snapshot view of this process, the American College of Cardiology and American Heart Association guidelines recommend that patients hospitalized for UA/NSTEMI undergo serial ECG tracings or continuous ST-segment monitoring.[@b48-tcrm-12-1223] The physical examination may also carry trail that can help in determining the differential diagnosis. For example, unequal pulses or ripple of aortic regurgitation indicates possible aortic dissection, seeing that a pericardial friction rub suggests acute pericarditis.[@b47-tcrm-12-1223],[@b48-tcrm-12-1223] The relevance of the admission diagnoses and their compliance with the final diagnosis in patients with STEMI/UA or NSTEMI are really important for patients especially when diagnosis is done by emergency teams in ambulance and the ECG signal was transmitted to reference clinic. Early transmission of ECG signal can help to assess patient's condition and is one of the very good methods of prevention of sudden death in heart failure.

Conclusion
==========

ECG transmission, along with subsequent cardiac consultation, credibly identifies patients with ACS, especially STEMI. Early transmission of ECG signal is a good method of prevention of sudden death in heart failure. Our previous study shows that scoring initial diagnosis using the ECG signal transmission coincides with the final diagnosis, which confirms the high efficiency of transmission of the ECG signal and reduces the time necessary intervention in STEMI and NSTEMI/UA. To provide a better prevention of sudden death in heart failure, the authors recommended additional training for all emergency staff and improving awareness about how and why the decision about sending (or not sending) the ECG signal to the reference center can help save life. Moreover, early detection of cardiovascular disease by ECG included as a compulsory study for primary prevention in the Polish population will effectively eliminate the premature mortality. Expansion of the list of biochemical and physiological factors to include an element of ECG monitoring will allow for an early detection of symptoms of the disease activity and will consequently help to protect the Polish population against sudden death from heart disease.
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###### 

The division of risk factors according to the European Guidelines on cardiovascular disease prevention in clinical practice

  Individual factors                             Biochemical and physiological factors                      Lifestyle
  ---------------------------------------------- ---------------------------------------------------------- --------------------------
  -- Age                                         -- Hypertension                                            -- Smoking
  -- Sex                                         -- Increased levels of total cholesterol fraction -- LDL   -- Unhealthy diet
  -- Family history of cardiovascular diseases   -- Low levels of cholesterol fraction -- HDL               -- Low physical activity
  -- Genetic markers                             -- Increasing the concentration triglycerides              
                                                 -- Diabetes                                                
                                                 -- Obesity                                                 
                                                 -- Procoagulant factors                                    
                                                 -- Markers of chronic inflammation                         
                                                 -- ECG monitoring of heart                                 

**Note:** Data from a previous study.[@b4-tcrm-12-1223]

**Abbreviations:** ECG, electrocardiogram; HDL, high-density lipoprotein; LDL, low-density lipoprotein.
